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MATTHEW, C. B Anticholinergits. Effects on therno, gulatin and performanLe in rats. NEUROSCI BIOBEHAV REV 15(l) MA
141-146, 1991 - Atropine (AT) induces a dose-dependent increase in rate of rise of core temperature (heating rate) in sedentary
heat-stressed rats, a muscarinic anticholinergic (MA) effect which is quantitatively similar to the in.rease in heating rate seen in
heat-exposed men after equivalent atropine dose. In the heat-stressed rat, scopolamine (S) was found to have 16 A the MA effect of
AT and, in the present study, aprophen (AP) and trihexyphenidyl (THP) manifested 0.067 x and 0.061 A the MA effect of AT. In
rats exercising on a treadmill (11 mimin, 60 incline, 26C), phsostigmine (PH) administration resulted in reduced endurance and
increased heating rate, both cf whi, h were attenuated following AT administration-hypothesized to be a nicotirn antiiciinergit. (
(NA) effect Optimum doses of anticholinergics to reverse the PH-induced decrements were. AT-200 tgikg, S-8-16 tg/kg, AP- -"

3000 ig,'kg, and THP-800 Lg,'kg. These optimum NA doses for AT, S, and AP were the same is those predicted from their MA
potency relative to AT in heat-stressed rats. However, it should be noted that 800 tg/kg of THP is only ',4 of the expected 3200
[tg/kg dose of THP based on MA equivalence to AT. Relative MA activities and op um doses in PH-treated exercising rats ap-
pear to be due to differential MA and NA activities. Thus, a combination of both sedc ry heat-stressed and exercising rat models
may be useful in predicting relative cholinergic effects of new drugs with both MA and NA effects in man.

Antieholinergic Anticholinesterase Rat Model Nicotinic Muscarinic Exercise
Temperature regulation Hyperthermia

THE effects of acetylcholine can be categorized as muocarinic or suppress the ,weat rate of humans in the heat by about 40% (7,
nicotinic depending on the type of receptor activated. Stimulation 8, 30, 31). In the rat, 200 l.g/kg is equivalent to 2 mg in man
of muscarinic receptors results in. generalized vasodilafion, de- (12), and 200 jig/kg of AT elicits a similar t0% inhibition of
creased heart rate and cardiac contractility, increased secretion of water loss via salia in the rat (18,25). Additionally, the time
all exocrine glands, including sweat and salivary, increased intes- course of action of AT in the rat closely approximates that seen
tinal and gastric contractions, and increased gastric and tracheo- in humans (25).
bronchial secretions (1 ,). Low to moderate doses of an agonist at Administration of the anticholinesterase physostigmine (PH,
nicotinic receptors result in stimulation of autonomic ganglia and 200 tgkg) to rats exercising on a treadmill, at a dose resulting
stimulation at neuromuscular junctions, at high doses receptor in an increased heating rate and a de.reased endurance (23,26),
blockade and muscle paralysis may result (14). Over stimulation is akcompamed by marked fascitulations and involuntary twitch-
at the neuromuscular junction (nicotinic) results in fasciculations, ing (nicotim) (14,26). The decreased endurance could be due to
asynchronous excitation, fatiguabilit), and involuntary twitching nicotinic-induced over stimulation and fatiguablit of the running
(14). The fasciculations and involuntary twitching result in in- muscles. The increased heating rate of rats exercising after PH
creased metabolic activity and consequent in,.reased heat pro- administration is related to the muscular actlvity of running, be-
duction. cause PH administration to sedentary rats does not increase core

We have previously reported that atropine (AT, the prototype temperature (24, 28, 29). In fact, the tail vasodilation (muscar-
of muscarinic anticholinergic drugs) induces a dose-response in- inic), evident with PH administration, results in decreased not
crease in heating rate (rate of rise of core temperature) in the increased heat storage in sedentary rats (26,29. Tail vasodilation
sedentary heat-stressed rat (18,25). This is a muscarinic anti- dissipates the increased metabolic heat generated in sedentary
cholinergic (MA) effect, because it results from inhibition of sal- PH-treated rats but is inadequate for heat dissipation in the exer-
ivation In hot environments rats spread saliva over the veral cising rat (26). Further, the increased heating rate in exercising
surface of their bodies for evaporative cooling (16). Both saliva rats appears to be a peripheral effe,.t, since the same increased
secretion in rodents (18,25). and sweat secretion in humans (6, heating rate results from the administration of pyndostigmine, a
20, 21) are inhibited by atropine. Clubley et al. (5) simultaneously quaternary carbamate latking in central effects at normal dose
measured sweating and salivation in humans and determined that levels (27). When a rat is running on a treadmill, an increase in
they were similarly inhibited by atropine. A 2 mg dose of AT will salivary water los (musarini,.) is of no thermoregulatury bene-
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TABLE I
DRUG EFFECT CHECK LIST FOR RUNNING RATS

Tremors* none slight moderate violent (convulsing)
0 1 2 3

Salivationt none licking visible copious
0 I 2 3

Exophthalmost no slight definite
0 1 2

Defccation§ none 1-3 pellets >3 pellets diarrhea
0 1 2 3

Run Performance i excellent average poor not at all
0 1 2 3

Overall Behavior# normal slightly over moderately convulsing or
0 or --:nder over or under comatose

1 2 3
e.g., Animals given 200 gig/kg of PH alone usually exhibited:
*Moderate tremors (score of 2).
tCopious dripping saliva (score of 3).
*Slight to definite exophthalmos (score of 1-2).
§Defecation in excess of 2 pellets (score of 1-3).
Poor run performance or inability to run at all (score 2-3).

#Moderately hypoactive (lethargic, score of 2).

fit, because it can not be spread behaviorally. Thus, running rats culated as g,'kg of the salicylate. To get rat equivalents to hu-
,-an dissipate heat only through dilation of tail Nessels (29). While man Jini.al drug dose ranges, the dose,'kg in man was multiplied
the administration of PH should theoretically result in an increased by 7 (12).
concentration of acetylcholine at all receptors (32), we hypothe-
size that the decrements in performance of PH-treated exercising Sedentary Heat Stress Procedure
rats are due to nicotinic stimulation. If there is improvement in
endurance or thermoregulation of PH-treated exercising rats fol- To determine the antichohnergic potencies of AP and THP
lowing the administration of anticholinergics, we propose that this relative to that of AT, a dose [within the equivalent clinical hu-
is a nicotinic anticholinergic (NA) effect of the drugs. man dose range (14)] of each was administered IV 15 min prior

This study examines the effects of 4 anticholinergic drugs in to heat stress. Unrestrained rats were heat stressed in their own
the sedentary heat-stressed rat and in the exercising PH-treated rat cages in a 1 x 2 x 2 m chamber maintained at 41.5°C and 30% rh
to determine their relative MA and NA potencies. These 4 drugs until a core temperature (Tc) of 42.6'C was attained. At that time
(atropine, scopolamine, aprophen, and trihexyphenidyl) are being the animals were removed from the heat, weighed, and allowed
considered, because they have all been proposed as adjuncts to to cool passively in a 26°C chamber. During heating and cooling,
ameliorate side effects induced by PH administration (3, 9, 11, weight loss (as a measure of fluid spread for evaporative cool-
19, 23, 26). ing), corrected for fecal pellet production, and core temperature

(rectal probe inserted 6.5 cm) were monitored. Using the heating
METHOD rates of these animals, an anticholinergic potency relative to at-

ropine was calculated as previously reported (24).Anunals

Adult male Sprague-Dawley ratq (Charles River, CD strain, Exercise Procedure
510-530 g, N= 12/group) were caged individually in wire-bot-
tomed cages in an environmental chamber (4 . 3 K 2 m) at 26°C To determine an optimum dose (the dose that comes as close
and 50% rh, and used one time only. Lighting was controlled as possible to returning endurance and thermoregulation to con-
automatically (on, 0600-1800 h) and Purina rat chow and water trol levels) of each anticholinergic drug to be used as an adjunct
were available ad lib except during experimental intervals, to PH in the running rat, a range of doses of each of the 4 anti-

cholinergic drugs (AT, AP, S, THP) were evaluated. The dose of

Drugs each drug calculated to be equivalent to 200 p g/kg (0.69 [tM/kg)
of AT in the sedentary heat-stress experiments (Table 2) was the

Aprophen hydrochloride (AP) (Starks Associates, Inc., Buf- initial dose in the exercise studies. Each animal received 2 injec-
falo, NY 14213, Lot No. JF14-53-4), atropine sulfate (AT) (Sig- tions 10 mm apart. The first was saline or the appropriate dose
ma Chemical Company, St. Louis, MO 63178, Lot No. 35F- of the anticholnergic drug followed by a second injection if sa-
0648), sc.opolamine hydrobrom~de (S) (Boehringer Ingelheim, line or 200 I~gikg (0.48 p.M,'kg) of PH. We have previously re-
West Germany, no Lot No.), ph)sostigmine sali.ylate (PH) (San- ported that administration of this dose and form of PH resulted in
doz, Wander, Roussel Corp. NY, Lot No. 85003.01), and In- 60% inhibition of whole blood cholinesterase (23). Fifteen min-
hexyphenidyl hydrmldoride (THP) (Sigma Chemi.al Co., Lot No. utes after drug administration the rats were run (motor driven
2F-5098) were dissolved in 0.2 ml of sterile 0.9% saline and ad- treadmill, I1 Im/mm, 6' incline, 26C, 50% rh, shock avoidance
ministered via lateral tail ein (IV). All anti.holinergic. drug doses 4.ontingen.y) until exhausted. Exhaustion i. defined as the point
are ,.ahulated as the free base, but the ph)sostigmime dose is ,al- at hhi,-h rath do not righ. themsehes when plac.cd on their backs.
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During the run and subsequent recovery, Tc (core temperature) TABLE 2
and Tt (tail skin temperature) were monitored. MUSCARINIC ANTICHOLINERGIC POTENCY RELATIVE TO ATROPINE

The administration of PH alone results in readily detectable
side effects. A check list (Table I) was used to quantitate these Dose
side effects and to determine any improvement in these effects (ptg/kg) Heating Rate AT= Doset
resulting from the administration of the 4 adjuncts. The first 4 Drug ([xM/kg] (°C/min) Potency Ratio* (Itg/kg)
items were evaluated during the 15 min between the injection of
PH and the start of run, and the last 2 were judgments based on Saline - 0.022k -
performance during the run. All evaluations were made by an "0.001
observer without knowledge of the treatment group. Atropine 200 0.0' - ! 200

(0.69) ±0.004
Statistical Analysis Scopolamine 10 0.079j 16+ 12

All values are mean ± SE. The data were analyzed by a one- (0.03) ±0.005
way analysis of variance followed by the Student-Newman-Keuls Aprophen 2000 0.072 0.057 3000
multiple range test for all pair comparisons. The null hypothesis (6.15) ±0.004
was rejected at the p<0.05 level. Values in Figs. 1-4 and Table Trihexyphenidyl 400 0.033 C.061 3200
3 are given in terms of % of saline controls in order to use only (1.32) -±0.004
one y-axis for the 3 variables heat rate, run time, and drug effect. *Calculated muscannic potency relative to atropine (24) corrected for
Significant differences among all groups were determined on the differences in molecular weight.
raw data that these %'s represent. tAtropine equivalent dose= 200 pig/kg AT/potency ratio. This dose of

each drug should elicit the same heating rate in the heat-stressed rat as
RESULTS 200 gg/kg of AT.

:Values (mean ± SE) taken from Matthew et al. (24). The saline
Sedentary Heat-Stressed Rats group-heating rate was reconfirmed in this experiment.

Rate of rise of core temperature (heating rate) was found to be
the most ser.sitive index of atropine effect in the sedentary heat- over that of the PH group. Increasing the AT from 200 to 400
stressed rat (26). Therefore, the atropine-induced dose-response txgikg increased heating rate and decreased endurance. Therefore,
increase in heating rate was used to calculate an anticholinergic 200 jig/kg AT [equivalent to a 2 mg dose in man (12)] is the op-
potency of 16 for S relative to a value of I for atropine (Table 2) timum dose as an adjunct to PH.
(24). Table 2 contains the heating rates for the indicated doses of Figure 2 illustrates the results of the S experiment. All of the
AP and THP determined in this study. Using the method of Mat- S-treated groups had drug effect scores that were significantly
thew et al. (24), these heating rates and doses were used to cal- better than that of the PH group. Although all groups with S ex-
culate anticholinergic potency ratios of 0.067 and 0.061 for AP hibited a slightly increased endurance over the group with PH
and THP, respectively, relative to a value of I for AT. As an al- alone, only the 8 jxg/kg group manifested a running time that was
ternative means of comparing these 4 drugs, the 200 jig/kg dose significantly greater than that of the PH group. Eight and 16 ltgw
of AT was divided by the potency ratio of each drug to determine kg S elicited heating rates that were Pot significantly different
the dose of each drug that would theoretically inhibit thermoreg- from those of the control group. The high heating rate of the 4
ulation in the heat-stressed rat to the same extent as 200 jIg/kg jigikg group and the elevated heating rate of the group receiving
of AT. If there is a dose-response relationship between drug dose 32 tgikg indicate that these doses are either insufficient or exces-
and heating rate for S, AP, and THP as has been demonstrated sive. These results suggest that 8-16 jig/kg of S [equivalent to a
for AT in the sedentary heat-stressed rat (25), the administration
of 12 gig/kg of S, 3000 jig/kg of AP, or 3200 jIg/kg of THP
should elicit a heating rate of 0.087'C/min.

Performance Data for xercising Rats
I ORUN l~aC

Figures 1-4 illustrate the results of experiments to determine 400- -" .EA RAT
the dose of each of the 4 anticholinergie drugs tested that opti- G RUG EFFECT
mize PH-decremented endurance and thermoregulation in exercis- 0 e
ing rats. In each of these figures run time (endurance), heating Z PH
rate, and drug effect (score on a cholinergic symptom and run " e c
performance check list, Table 1) are plotted as a % of saline 20
control values. Separate control and PH alone groups were done 200
for each trial; there were no significant differences among these
4 control groups or among the 4 PH groups. The mean values for t PH
run time, heating rate, and drug effect for controls (C) and
PH groups across the 4 sets of studies were C- 62±6 min,
0.052±0.007 °C/min, and 2.3±0.2; PH- 33±4 min, U11i 2
0.096±0.008C/min, and 8.9=0.9. 0 . 200 100 200 200 . 200 400 200

In Fig. I note that all of the values are significantly different DRUG DOSt (ug/kg AT + ug/kg PIT)
from controls; therefore, no dose of AT completely restored PH- FIG. I. Run time, heating rate, and drug effect score piotted as a % of
induced endurance and thermoregulatory decrements. While, all saline control values for rats given 200 lig/kg of PH plus the indicated
doses of AT significantly improved the drug effect score, only the dose of AT prior to exer.isc. Sigmfi.an tp'.0.05) different e from saine
200 jig'kg dose of AT signifit-antly imp . ,e endurance (run time) .ntrolb , indi.ated by a C and frum the group given PH alone by PH.
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FIG. 2. Run time, heating rate, and drug effect score plotted as a % of FIG. 4. Run time, heating rate, and drug effe-t s .ore plotted as a % of
salne .ontrol values for rats given 200 kLg,1kg of PH plus the ind.ated saline .ontrol values for rats given 200 g,kg of PH plus the indi.ated
dose of S pnor to exerc.se. Significant Wo--0.05) differen,.e from saline dose of THP prior to exerLise. Significant Wo.0.05) difference from sa-
.ontrols is indi.ated by a C ar,. from the group given PH alone by PH. line .ontrols is indi.ated by a C and from the group given PH alone by

PH.

80-160 jig dose in man (12)] is the optimum dose to be used as
an adjunct to PH. icantly lower than control in all 3 groups receiving both drugs,

In Fig. 3 it can be observed that all doses of AP significantly but the group receiving 800 jig/kg THP had a run tme that was
improved the drug effects induced by PH administration, and significantly greater than that of the PH group. The heating rates
while all doses of AP increased endurance slightly over that of of the 400 and 1200 p.gikg groups were greater than those of the
the PH group, none %as significantly greater. AP (3 mgkg) did contrul group and not different from the PH group, however, the
attenuate the heating rate of PH pretreatment. The group receiv- 800 lig'kg group had a heating rate that was significantly lower
ing 6 mgkg of AP had a shorter run time, higher heating rate and than that of the PH group and not different from that of controls.
greater drug effect score than the group receiving 3 mg/kg, and From these data it appears that the 800 ptg/kg dose of THP
the 3 mg/kg group had the lowest heating rate and the lowest drug [equivalent to 8 mg/70 kg man (12)] is the optimum dose as an
effect score of all the groups receiving both drugs. Therefore, we adjunct to PH in the running rat.
concluded that 3 mg/kg [equivalent to a 30 mg dose in man (12)] Table 3 summarizes the results of these 4 experiments. The
should be the optimum dose when used as an adjunct to PH in the optimum dose of each drug as an adjunct to PH pretreatment in
exercising rat. exercising rats as suggest.e by our data is noted in the first coi-

All three groups re.eiving both THP and PH (Fig. 4) had drug umn. Note that except for THP these are the same values as the
effect scores that were significantly lower than that of the PH MA equivalent doses tabulated in the last column of Table 2. A
group but also higher than the controls, the 800 ig,kg group had human dosage, equivalent to the optimum rat dose, was calcu-
a score closest to that of the control group. Run time was signif- iated by dividing the rat dose,'&g by 7 (12) and then multiplying

by 70 kg/adult to yet an adult dose. These doses all fall within or
below the clinically used range. All of the adjuncts decreased the
PH elevated heating rate, but both THP and AP elicited signifi-
cantly lower heating rates than AT. The run time as a % of con-
trol values indicates that the optimum dose of each adjunct increased

r'E RUN TIME run time to the same extent. Additionally, the optimum dose of
400. R EF ET THP in running rats is only 1/4 the AT equivalent dose for THP

O DUG LEEECT

PT" in the sedentary heat-stressed rat.
0

8 DISCUSSION

P! In a running rat model, PH administration results in a dose-
edependent decrease in endurance and an increase in rate of rise of

0 PH core temperature (23). Many of the undesirable effects of PH
,o. could be counteracted by simultaneous administration of an anti-

ccholinergic (14). This study evaluated the relative abilities of 4
anticholinergic drugs with both central and peripheral sites of ac-

0tion (atropine, scopolamine, aprophen and trihexyphenidyl) to
0 200 375 200 is + 200 30 •200 60 200 ameliorate these PH-induced decrements.

DRUG DOSE (mg/kg AP + ug/kg PH) In the present work, 200 itg/kg of PH [previously shown to

FIG. 3. Run time, heating rate, and drug effect score plotted as a % of elicit a 60% inhibition of whole blood cholinesterase (23)] decre-
saline control values for rats given 200 tpgikg of PH plus the indicated mented endurance and increased heating rate, and 200 tig/kg of
dose of AP prior to exercise. Signific.ant p..0.05) difference from saline AT did not .ompletcl) restore endurance to control level. In an
,.ontrols is indicated b, a C and from the group given PH alon, by PH. other previous study (26), this same dose of PH eli.ited a 40%
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TABLE 3 Alternatively, THP (Artane) has several unique properties un-
COMPARISON OF 4 ANTICHOLINERGIC DRUGS IN like the other anticholinergics tested in these experiments. For

PH-TREATED RUNNING RATS example, the antisecretory effect of THP on salivary and sweat
glands is less than that of AT or S (13,14). This is a potential

R Doset advantage because THP as an adjunct to PH should not inhibit
(ixg/kg) H=Dose4 Clinical§ HR % C RT % C heat dissipation as much as AT or S (6,24). Although AT and

Drug* [liM/kg] (mg/adult) (mg/adult) (%) (%) THP both have MA effects, AT blocks both M-1 (central, neu-
ronal) and M-2 (secretory, smooth muscle and cardiac) muscar-

Atropine 200 2 0.5-10 154 70 inic receptors, but THP has a greater specific affinity for the M-1
(0.69) receptors than for either the secretory or cardiac receptors (4,13).

Scopolamine 8-16 0.08-0.16 0.6 140 79 Thus, the tachycardia associated with AT administration might be
(0.03-0.05) reduced with THP administration (4).

Aprophen 3000 30 -# 115** 80 In the running rat model the optimum doses (Table 3) of AT
(9.23) (200 Ixg/kg), S (8-16 jig/kg), and AP (3000 jig/kg) for use as

Trihexyphenidyl 800 8 1-15 111** 77 adjuncts to PH administration (NA) were precisely the doses
(2.64) equivalent to 200 jig/kg of AT in the sedentary heat-stressed rat

(Table 2, MA). But, the optimum dose of THP in the running rat
*Each drug group received the indi,.ated drug plus 200 t.g,'kg (0.48 (Table 3, 800 jig/kg) is only ,. of the dose equivalent to 200

jiM/kg) PH. jIg/kg of AT in the heat-stressed rat (Table 2, 3200 zg/kg). This
'Optimum dose of each drug when used with PH in the running rat. lower MA effect of THP relative to AT might be expected be-
:Humnan (70 kg adult) equivalent dose= v the rat dose on a mg/kg cause of the M-1 specificity of THP. Hence, the optimum NA

basis (12). dose of THP may be far less detrimental to thermoregulation inHeating rate and run tme as % of control values, the heat than the optimum NA doses of AT, S, or AP.
#Aprophen is not used clinically in the United States. Aprophen has been shown to have greater affinity for nicotinic
**Values are significantly different (.p-0.05) from AT group. cholinergic receptors (greater NA effect) than AT (1,9), therefore

the demonstrated ability (Table 3) of AP over that of AT to re-
turn heating rates of exercising rats closer to control values was

inhibition of whole blood .holinesterase and 200 jigkg of AT expected. THP has been shown to antagonize the effects of PH-
.ompletely restored endurance and thermoregulation. The source induced accumulation of ACh (3,11,, but the receptor site in-
of the PH in the earlier work was Antirium, an injeLtable solu- %olved has not been identified. On the basis of the present work
tion, (Forest Pharmaceuticals, Ink.., St. Louis, MO), however, in we suggest that if appropriate studies are done, it will be con-
the present study, a fresh solution was made up every day using cluded that THP has significant NA effects.
PH obtained from Sandoz. This differenme in .,ource and form of None of the 4 anticholinergic drugs used in this stud) has been
PH could explain the greater levels of inhibition and decremented identified as a specific, nicotinic antagonist. Therefore, we cannot
performance in the present study, conclusively say that the PH-induced decrements in exercising

Atropine, a .ommonly used clinial drug, is the prototype of rats are nicotinic until another study using a specific nicotinic an-
,holnergiL. muscarini, blo.king agents (14) and, a. such, has ticholinergic drug such as d-tubocurarine, mecam)lamine or hexa-
be-ome a btdndard for c.omparison with other antiholinergitc methonium has been done. However, the evidence presented here
drugs. Atropine has also been widely used as a treatment drtg for suggests that the heat-stressed and exercising rat models may be
organophosphate (OP) poisoning and is an effettive pretreatment useful in determining relative in vivo MA and NA activities of
against poisoning by OP's when used in combination with PH new drugs.
(10,17). Additionally, AT and PH have each been used clinically
to counteract mutually induced side effects (2). ACKNOWLEDGEMENTS

Scopolamine is also primarily a muscarinic anticholinergic The author would like to thank SSG Gabaldon and SGT Guzman for
drug; apparently, however, it has more potent antimuscarinic their technical assistance and Drs. R. W. Hubbard and R. P. Francesconi
properties than atropine (2,19), and S has also been used to an- and LTC J. F. Glenn for reading the manuscript. The views, opinions,
tagonize PH effects (19). The central antimuscarinic effects of andior findings contained in this report are those of the authors and should
scopolamine make it valuable as an antimotion sickness drug not be onstrued as offi.ial Department of the Army position, pl. oi
(14,33). Neither AT nor S have previously been shown to have declon, unless so designated by other official documentation. In con-
signific-ant NA effects ex,.ept at doses far in exc-ess of those used ducting the research descrnbed in this report, the investigaturs cumplied
clinically (14). with the Animal Welfare Act, and other Federal statutes and regulations

Aprophen is not a drug in clinical use in the United States, but relating to animals and experiments involving animals and adhered to
it is used in other countries as both a pre- and a posttreatment for principles staled in the Guide for the Care and Use of Laboratory Ani-

mals. NIH publication 86-23. 1985 edition. Further. all procedures were
OP poisoning (15). This drug has antimuscarinic, antinicotinic, reviewed and approved by the U.S. Army Research Institute of Environ-
anticonvulsant, and local anesthetic properties (22). The in vitro mental Medicine's Animal Care and Use Committee. Citations of com-
MA properties of AP are V4 as potent as those of AT (9), and it mercial organizations and trade names do not constitute an official
has been shown to have a greater affinit) for nicotinic receptors Department of the Army endorsement or appro,,ai of the products or ser-
than AT (1,9). vices of these organizations.

REFERENCES

I. Aarbakkc, J., Miura. G. A., Brown, N. D., Gray. R. R., Gordon. drug overdose. New York. Plenum Press, 1977:817-825.
R. K., Doctor. B. P., Chaing, P. K. Disposition of aprophen in rats. 3. Beilin. B., Vatashsky, E., Weinstock, M. Physostigmine as an anti-
J. Pharm. Phannacol. 38:928-930; 1986. dote for poisoning by combination ofthioridazine and trihexyphenidyl.

2. Aquilonius, S. M. Physostigmine in the treatment of drug overdose. Br. J. Clin. Pract. 39:400-401; 1985.
In. Jenden, D. J., ed. Cholinergic. mechanisms in the treatment of 4. Blumensohn. R., Razom. G.. Shalev. A., Mumtz. H. Bradycardia



146 MATTHEW

due to tnhex)phemdyl hydruihlonde. Drug Intell. Clin. Pharm. 20. nism of physostigmine indu.ed lethality by a ,.ombination ot .opo -
786-787; 1986. amine and methscopolamine. Acta Pharmacol. Toxicol. 56:154-157;

5. Clubley, M.; Bye, C. E.; Henson, T.; Peck, A. W.; Riddington, C. 1985.
A technique for studying the effects of drugs on human sweat gland 20. Ketchum, J. S., Sidell, F. B., Crowell, E. B., Aghajanian, G. K.,
activity. Eur. J. Clin. Pharmacol. 14 221-226, 1978. Hayes, A. H. Atropine, scopolamine, and ditran. comparative phar-

6. Craig, F. N. Effects of atropine, work and heat on heart rate and matolog) and antagonism in man. Psy,.hopharmacologia 28.121-145,
sweat production in man. J. Appl. Physiol. 4:826-833; 1952. 1973.

7. Cullumbine, H., Miles, S. The effect of atropine sulfate on men ex- 21. Kolka, M. A., Levine, L., Cadarette, B. S., Rock, P. B., Sawka, M.
posed to warn environments. Q. J. Exp. Physiol. 41.162-179, 1956. N., Pandolf, K. B. Effects of heat acclimation on atropine-impaired

8. Custance, A. C., DeCandole, C. A. A pilot study on the suppressive thermoregulation. Aviat. Space Environ. Mad. 55.1107-1110, 1984.
effects of three dosages of atropine upon the sweating me hanism of 22. Leadbeater, L., Inns, R. H., Rylands, J. M. Treatment of poisoning
four male subjects during moderate exercise. Defense Res. Chem. by soman. Fundam. Appl. Toxicol. 5.S225-S231, 1985.
Lab. 427:1-7; 1964. 23. Matthew, C. B.; Francesconi, R. P.; Hubbard, R. W. Physostig-

9. Dawson, R. M., Freeman, S. E., Paddle, B. M. Comparative effects mine-mdu cd ,hohinesterase inhibition. Dose-response effc.ts on run-
of aprophen, atropine, and benactyzine on central and peripheral nig performance of rats. FASEB J. 3.A991, 1989.
cholinot.eptors and on acetyh.holinesterase. Bio, hem. Pharmaol. 34. 24. Matthew, C. B., Hubbard, R. W., Franmes om, R. P. A heat-stressed
1577-1579; 1985. rat model to determine relative anticholinergic and anticholinesterase

10. Deshpande, S. S., Viana, G. B., Kauffman, F. C., Rickett, D. L., drug potency. Aviat. Space Environ. Med. 57.1061-1065, 1986.
Albuquerque, E. X. Effectiveness of physostigmne as a pretreatment 25. Matthew, C. B., Hubbard, R. W., Francesconi, R. P., Szlyk, P. C.
drug for prute.tion of rat, 'tin organophosphate poisoning. rundam. An atrupnirzed heat-stressed rat model. dose response cffe ts and
Appl. Toxicol. 6:566-577; 1986. pharmacokinctics. Aviat. Space Environ. Mad. 57:659-663; 1986.

11. Erwin, G. W., Turco, T. F. Current concepts in clinical therapeutics. 26. Matthew, C. B., Hubbard, R. W., Francesconi, R. P., Thomas, G.
"arkinson's Disease. Clin. Pharm. 5.742-752, 1986. J. Carbarnate-induced performance and thermoregulatory decrements

12. Freireich, E. J., Gehan, E. A., Rail, D. P., Schmidt, L. H., Skip- restored with diazepam and atropine. Aviat. Space Environ. Med.
per, H. E. Quantitative comparison of toxicity of anticancer agents 58:1183-1187; 1987.
in mouse, rat, hamster, dog, monkey, and man. Cancer Chemother. 27. Matthew, C. B., Hubbard, R. W., Francesconi, R. P., Thomas G. J.
Rep. 50:219-244; 1966. Carbamates, atropine, and diazepam: Effects on performance in the

13. Giachetti, E. G.; Ladinsky, H.; Montagna, E. Binding and functional running rat. Life Sci. 42:1925-1931, 1988.
profiles of the selective MI muscannic receptor antagonists tnhexy- 28. Matthew, C. B., Hubbard, R. W., Francesconi, R. P. Atropine, di-
phenidyl and dicyclomine. Br. J. Pharmacol. 89.83-90, 1986. azepam, and physostigmine. thermoregulatory effe .ts in the heat-

14. Goodman, L. S.; Gilman, A. The pharmacological basis of therapeu- stressed rat. Life Sci. 44:1921-1927; 1989.
tics. 7th ed. New York. Macmillan Co., 1985.110-144, 473-490. 29. Meeter, E. The mode of action of the 4.holinesterase inhibitors on the

15. Gordon, R. K., Padilla, F. N., Moore, E., Doctor, B. P., Chiang, P. temperature regulation of the rat. Arch. Int. Pharmacodyn. Ther.
K. Antimuscarinie activity of aprophen. Biochem. Pharmacol. 32: 182:416-419; 1969.
2979-2981; 1983. 30. Randall, W. C.; Kimura, K. K. The pharmacology of sweating.

16. Hainsworth, F. R. Saliva spreading activity and body temperature Pharmacol. Rev. 7:365-397; 1955.
regulation in the rat. Am. J. Physiol. 212.1288-1292, 1967. 31. Robinson, S. The physiological effects of atropine and potential at-

17. Harris, L. W., Stitcher, D. L., Heyl, W. C. The effects of pretreat- ropme substitutes. Chemical Corps Medical Laboratory Contract Re-
ments with carbamates, atropine, and mecamylamine on survival and port, 15:1-132; August 1953.
on soman-induced alterations in rat and rabbit bran a.etqholne. 32. Somani, S. M., Dube, S. N. Physostigmine-an overview as pretreat-
Life Sci. 26:1885-1891; 1980. ment drug for organophosphate intoxication. Int. J. Clin. Pharmacol.

18. Hubbard, R. W.; Matthew, C. B.: Francesconi, R. P. Heat-stressed Ther. Toxicol. 27:367-387; 1989.
rat. effects of atropine, desalivation. or restraint. J. Appl. Physiol. 33. Wood, C. D., Manno, J. E., Wood, M. J., Manno, B. R., Redetzki,
53:1 171-1174; 1982. H. M. Mechanisms of antimotion sickness drugs. Aviat. Space En-

19. Janowsky, D. S.; Berkowitz, A.; Turken, A.; Risch, S. C. Antago- viron. Med. 58:A262-A265; 1987.


